Introduction {#sec0001}
============

In recent years, vitamin D deficiency or low serum 25-hydroxyvitamin D (25(OH)D) levels has been linked to numerous inflammatory and immune-mediated diseases. The great diffusion of vitamin D receptors in several organs and tissues confirms a wide involvement of vitamin D in many biological processes, not strictly linked to calcium homeostasis metabolism. Genomic analysis identified more than 2700 genomic position of vitamin D receptors and many vitamin D receptor binding sites were significantly mapped near to autoimmune and cancer associated genes ([@bib0026]). Furthermore, in healthy humans, low vitamin D status has been associated with an increase in inflammatory markers ([@bib0024]). Deficiency or low serum 25(OH)D levels have been also reported in vitiligo human patients with and without systemic autoimmune diseases ([@bib0006]; [@bib0020]; [@bib0038]; [@bib0029]; [@bib0018]). For these evidences, control of serum vitamin D level is often recommended in risk patients, and Vitamin D supplementation is used to treat vitiligo and other skin disorders ([@bib0001]). Vitamin D deficiency is known to be prevalent in epilepsy patients as well, and evidences showed that maintaining adequate levels of vitamin D improves the control of epileptic seizures ([@bib0015]).

In domestic carnivores, unlike other mammals including humans, skin vitamin D synthesis induced by sun exposure does not occur, therefore dogs for vitamin D supply are mainly dependent on food intake ([@bib0016]; [@bib0009]). Because of this reason, both quantity and bioavailability of vitamin D in diet makes the daily intake of fundamental importance for dogs' health condition. Moreover, according to [@bib0037] the blood 25(OH)D concentration can be considered a useful marker of vitamin D status.

As well as in humans, researchers have found associations of low 25(OH)D levels in dogs affected by different diseases: acute and chronic renal failure, canine lymphoma, cutaneous mast cell tumours, inflammatory bowel disease, heart disease, blastomycosis, and cancer ([@bib0013]; [@bib0014]; [@bib0036]; [@bib0030]; [@bib0034]; [@bib0023]).

The Akita dog breed shows a high incidence of immune-mediated diseases characterized by severe and debilitating symptoms. In Akitas, the most common immune-mediated diseases are uveodermatologic (UVD) syndrome and sebaceous adenitis (SA). UVD syndrome, also known as Vogt--Koyanagi--Harada (VKH)-like syndrome, has a high incidence in many breeds of dogs ([@bib0004]; [@bib0017]) but the highest predisposition appears among Akitas ([@bib0005]; [@bib0025]), with about 80% of the case reports in the veterinary literature ([@bib0002]). In humans, VKH syndrome is characterized by bilateral granulomatous uveitis with poliosis, dysacousia, and meningitis. Dogs affected by UVD have similar symptoms with chronic bilateral uveitis and cutaneous involvement, characterized by poliosis. Like UVD, SA has been described in many breeds but there seems to be a breed predisposition in Akita dogs ([@bib0027]). In Japanese Akita dogs, skin depigmentation similar to vitiligo often appears after birth at different ages in healthy dogs without any other symptoms.

Despite the wealth of research on vitamin D and its relationship with chronic diseases, little has been studied in dogs ([@bib0013]; [@bib0014]; [@bib0028]; [@bib0019]; [@bib0030]; [@bib0031]; [@bib0033]; [@bib0034]). At present, at our knowledge, no publications evaluating the vitamin D status in Japanese Akita breed are available.

Due to the importance of Vitamin D blood concentration and the specific Akita predisposition in developing immune-mediated disease, the aim of this study was to evaluate serum 25(OH)D levels in Japanese Akita dogs.

Materials and methods {#sec0002}
=====================

Serum samples {#sec0003}
-------------

Owners of Japanese Akita dogs were contacted by the nonprofit AkitaLab Association (Rieti, Italy); they were invited to allow veterinarians to submit an aliquot of serum from blood sample, previously collected during routine veterinary visits and withdrawals, for 25-hydroxyvitamin D (25(OH)D) evaluation. Each owner was required to provide signed consent. Age, sex, current disease, presence and location of skin depigmentations, and diet for each dog were reported on a medical record. Over a period of one year, 103 serum samples from Japanese Akita dogs were collected and included in the present study.

On the basis of the history and the clinical examination, dogs were classified according their health status as healthy (HE) or pathological (PA). The pathological dogs were affected by: UVD syndrome, sebaceous adenitis, chronic dermatitis, epilepsy, toxoplasmosis, allergy, enteritis, and arthrosis. Moreover, inside the HE and PA groups, dogs were subgrouped according to the presence of complete pigmentation (PI) or the presence of not-congenital depigmented areas (DE).

Analysis {#sec0004}
--------

After collection, the blood samples were centrifuged, and serum stored at -18 °C till analysis. Serum 25(OH)D was analysed at an accredited laboratory (IDEXX Laboratories, accreditation n. D-PL-13356-01 according to DIN EN ISO/IEC 17025:2005, Germany) using the High-Performance Liquid Chromatography (HPLC) technique (RS-LC UltiMate ™ 3000, Dionex) for the quantitative determination of 25(OH)D. Intra and inter-assay precision were 8 and 13% respectively.

Statistical methods {#sec0005}
-------------------

Descriptive statistics were performed (mean ± SD, range, number or percentage of observations). Differences between HE and PA groups for the presence of pigmented and not-pigmented areas was evaluated by χ^2^ test. Correlation between vitamin D level and dogs' age was tested by the Pearson correlation coefficient (*r*). Serum 25(OH)D concentration was evaluated by ANOVA including health status (HE or PA), skin pigmentation (PI or DE), and diet (Commercial or Home-made) as main factors, and the health status x skin status interaction. Interactions including diets were not considered because of the low number of animals fed home-made diets. Shapiro-Wilk test was performed to verify the normal distribution of the residuals. The *t*-test and Tukey\'s Honest Significant Differences (HSD) test were used and the level of significance was set at *P* ≤ 0.05; the resulting data are shown as LSM ± ES. All statistical tests were performed using JMP® software (SAS Institute Inc., Cary, NC).

Results {#sec0006}
=======

Dogs mean age was 2.60 ± 1.58 years old. Furthermore, out of 103, 45 were males (41 sexually intact and 4 neutered) and 58 females (43 sexually intact and 15 spayed). The prevalent disease recorded among investigated Akitas was sebaceous adenitis (47.73%), then 13.64% cases of dermatitis, and 13.64% of uveodermatologic syndrome were observed. Commercial dry food, from 25 different brands, was consumed by 72 subjects (69.90%), and 31 dogs (30.10%) were fed home-made diet ([Table 1](#tbl0001){ref-type="table"}). In the commercial food used, the average inclusion level of vitamin D was 1405 UI/kg as feed (ranging from 520 to 2500 UI/kg), whereas for the home-made diets the level of vitamin D supplementation was not available.Table 1Signalment information of 103 Japanese Akita dogs under investigation.Table 1*n*%Sexmale45 (neutered 4)43.69female58 (spayed 15)56.31Healthypigmented3762.71depigmented2237.29Pathologicalpigmented2863.64depigmented1636.36PathologySebaceous Adenitis2147.73Dermatitis613.64Uveodermatologic syndrome613.64Epilepsy511.36Arthrosis24.55Enteritis24.55Allergy12.27Toxoplasmosis12.27DietCommercial7269.90Home-made3130.10

The overall mean serum 25(OH)D concentration in the sampled dogs was 82.42 ± 26.14 ng/mL (mean ± SD), with a range from 33.00 to 144.00 ng/mL. No correlation (*r* = -0.17; *P* = 0.08) between serum 25(OH)D concentration and age was observed ([Fig. 1](#fig0001){ref-type="fig"}).Fig. 1Scatterplot and Pearson correlation coefficient (*r*) between 25(OH) concentration and age (months) in Japanese Akita dogs.Fig 1

Fifty-nine dogs resulted healthy, whereas 44 dogs were included in the PA group. Sixty-five dogs were recorded as completely pigmented, whereas 38 were classified as depigmented ones. As for the latter, the areas of depigmentation were mainly located on nose, oral mucosa, palate and near genital area. The χ^2^ test did not detect differences between pigmented and depigmented dogs within the HE and PA groups (37.29% and 36.36%, respectively).

Due to the low number of dogs fed home-made diet, the effect of diet was not included in the statistical model, nevertheless the lowest level of 25(OH)D concentrations were observed in PA/PI group fed home-made diet (60.55 ± 15.59 ng/mL), and the highest 25(OH)D levels in HE/PI dogs fed commercial diet (98.11 ± 26.30 ng/mL).

According to the ANOVA a significant difference in serum 25(OH)D concentration was detected for health status (*P* = 0.01). The healthy dogs showed a higher level of 25(OH)D (84.90 ± 3.36 ng/mL) than the pathological dogs' group (72.13 ± 4.09 ng/mL). Although the skin status effect was not significant (*P* = 0.06), the pigmented dogs showed a higher 25(OH)D level (83.22 ± 3.24 ng/mL) than the depigmented ones (73.82 ± 4.16 ng/mL). Also diet main effect was not significant (*P* = 0.13), but a higher 25(OH)D concentration was found for dogs fed commercial diet (82.58 ± 2.97 ng/mL) compared to Akitas receiving home-made diets (74.45 ± 4.55 ng/mL). Therefore, for both factors, health and skin status, a good health status and regular skin pigmentation were related to a higher level of serum 25(OH)D concentration than non-healthy or depigmented dogs, respectively.

The analysis of the health status x skin status interaction, although not significant at the ANOVA, showed that the serum 25(OH)D in HE/PI dogs (93.81 ± 4.19 ng/mL) was significantly higher than all other dogs' groups ([Table 2](#tbl0002){ref-type="table"}). Therefore, according to Tukey HSD test, within the group of healthy dogs the skin depigmentation was significantly related to a reduction in 25(OH)D serum. Differently, within the PA group, pigmented and depigmented dogs showed almost the same level of 25(OH)D that was also close to the level detected in HE depigmented dogs ([Fig. 2](#fig0002){ref-type="fig"}).Table 2Serum 25(OH)D level (LSM ± ES) in healthy and pathological Japanese Akita dogs.Table 2*n*25(OH)D ng/mLHealthy pigmented3793.81 ± 4.19 aHealthy depigmented2275.99 ± 4.70 bPathological pigmented2872.62 ± 5.20 bPathological depigmented1671.64 ± 6.41 b[^1][^2]Fig. 2Interaction between health status (HE: healthy, PA: pathological) and skin pigmentation (PI: pigmented, DE: depigmented) for 25(OH)D in Japanese Akita dogs.Fig 2

Discussion {#sec0007}
==========

Japanese Akita dogs have a high frequency of immune-mediate diseases, such as uveodermatologic (UVD) syndrome and sebaceous adenitis (SA) ([@bib0002]). One of the clinical signs of UVD is the presence of depigmented areas of the skin, quite similar to vitiligo in humans. The association of vitiligo with vitamin D deficiency is widely studied in human patients ([@bib0006]; [@bib0029]; [@bib0008]). Moreover, results available from scientific literature suggest that vitamin D influences the immune system and low 25(OH)D levels are associated with autoimmune diseases ([@bib0007]; [@bib0032]; [@bib0011]).

In the present study, Japanese Akita breed dogs affected by immune-mediated (UVD and SA) and chronic diseases showed a significant lower serum 25(OH)D concentration in comparison with healthy Akitas. Nonetheless, in healthy and pigmented dogs the 25(OH)D mean value was below to 100 ng/mL that is considered the sufficient level to reduce the risk for serious diseases ([@bib0030]). As reported by other Authors, breed significantly influenced serum vitamin D concentration. Indeed, as referred by [@bib0031] German Shepherd breed (mean value: 76.5 ng/mL) highlighted a 26% higher 25(OH)D concentration than Golden Retrievers (mean value: 60.6 ng/mL). In the investigated Akitas, the maximum value recorded for vitamin D was 144 ng/mL, which was lower compared to the one indicated by [@bib0031] for German Shepherds and Golden Retrievers (212.80 ng/mL and 249.20 ng/mL, respectively).

In human studies a strong correlation between hypovitaminosis D and the autoimmune skin disease vitiligo was detected ([@bib0035]; [@bib0010]). The association between low serum 25(OH)D level and depigmentation was also found in the current study and it is confirmed by a significantly lower serum 25(OH)D level in the group of HE/DE Akitas compared to the HE/PI one.

Vitamin D is strictly involved in many biological activities, in particular it is able to modify the T cell compartment into a more anti-inflammatory and regulated state ([@bib0003]; [@bib0021]). Moreover, canine C-reactive protein, biomarker of systemic inflammation in dogs, significantly decreased when 25(OH)D concentrations rose above 100 ng/mL of 25(OH)D and significant drop when 25(OH)D concentrations reach 100 ng/mL ([@bib0030]). The low serum 25(OH)D concentration observed in Akita group affected by different diseases and compared with the healthy one, confirmed the previous investigations in several dog breeds ([@bib0014]; [@bib0030]; [@bib0034]).

Because of the importance of daily intake of vitamin D with food, the type of diet could affect circulating vitamin D levels. In this study, healthy and pigmented dogs fed commercial diets showed the highest levels of vitamin D. These findings are probably due to the differences between the vitamin D inclusion in commercial and home-made diets.

In the present survey a high percentage of dogs fed commercial diet rather than home-made diet was found, showing a preference of dogs' owners for commercial products. In pet food, vitamin D supplementation satisfies dog requirements according to [@bib0022] and ([@bib0012]) recommendations, which are only related to the minimum requirements for calcium and phosphorus metabolism. Therefore, the regular intake of pet food will allow to maintain adequate levels of vitamin D in normal dogs, while the present results suggest that healthy-depigmented, as well as pathological, Akita dogs need a higher level of vitamin D supplementation than healthy-pigmented ones. Therefore, the addition of vitamin D in feed should be adjusted based on the health and/or skin pigmentation status of the dogs.

Unfortunately, in the present study, the great variety of home-made recipes and the multiple differences between commercial diets did not make possible to estimate the vitamin D real content in the diets and its level of intake in the monitored Akita dogs.

Conclusions {#sec0008}
===========

The survey results support the relationship between low serum level of 25(OH)D, diseases, and depigmentation as highlighted in other investigation both in humans and dogs. The constant low vitamin D levels could be an additional risk factor in the onset of serious pathologies and should be a wake-up call in veterinary diagnostics. Furthermore, the appearance of depigmented areas associated with low levels of vitamin D could be considered as an alert sign in dogs, especially in Akitas, as well as in humans. Therefore, the monitoring of serum 25(OH)D concentration in dogs with skin depigmentation, particularly in breeds at risk of severe immune-mediated diseases, could be considered within a haematological analysis profile. Nevertheless, the results of the present survey have several limitations. In particular, the data analysed were based on an observational study without any control on diets. Therefore, further prospective studies are needed to assess the association between vitamin D and diseases; clinical trials should also be helpful to establish whether vitamin D supplementation could be used as preventive treatment to limit the onset of immune-mediated diseases in Japanese Akita breed.
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[^1]: *n*: number of dogs.

[^2]: a, b: means with different letters within column are significantly different.
